1. Introduction. Dhar et al. (1989) and Kulkarni (1991) have studied severe rainstorms in Maharashtra State, India. Their studies indicate that severe rainstorms here are mostly confined to the Vidarbha region (see Fig. 1 ); this is n~ostly due to the fact that the Vidarbha region lies in the southwest quadrant of the area of tropical disturbances moving through the country during the monsoon season.
A number of water resources projects have been proposed for implementation in the Vidarbha region during the coming Five Year Plan schemes. Considering this, we analysed all the severe rainstorms of the Vidarbha region during the 100 yr period from 1891 to 1990, using the Depth-Area-Duration (DAD) method. The maximum average raindepths obtained for different areas and over different durations will b e useful to monthly, seasonal and annual rainfall of the Vidarbha subdivision. The table shows that Vidarbha receives about 107 cm of rainfall annually, and that 88% of this falls during the monsoon months of June to September.
The highest amounts of rainfall recorded over periods of l day ('l-day rainfall') at long-term stations were identified from the 100 yr rainfall data. It was observed that the highest l-day rainfall at the majority of stations ranged between 25 and 40 cm. Table 2 lists the stations which had a maximum l-day rainfall of 30 cm or more, along with their extreme raindepths (probable maximum precipitation, PMP). The table shows that the stations at Dharni and Ghorajheri recorded the highest l-day rainfall, 40 and 41 cm.
Knowledge of extreme l-day rainfall at specific locations is useful in the planning and design of water resources projects for conservation of storm runoff and in designing waterways under bridges and culverts. property and agricultural lands. In order to estimate probable maximum flood (PMF), it is essential to determine maximum average raindepths yielded by different rainstorms over the region. Daily rainfall data from 100 to 150 long-term rainfall stations, uniforn~ly distributed in and around the Vidarbha region, were used to analyse severe rainstorms for the period 1891 to 1990. Examination of this data showed that during this 100 yr period, 8 extremely severe rainstorms affected this subdivision. These are listed in Table 3 . Fig. 1 shows where the heavy rain centres of some of these rainstorms were located. It should be noted that, even when heavy rain centres are located in this region, their isohyetal patterns may extend over the neighbouring regions (see Figs. 2 to 4 ). All these rainstorms were analysed using the standard DAD technique (WMO 1969 (WMO , 1986 . In this technique, a rainstorm is taken as a unit of study and a 3-dimensional relationship is determined between (1) average raindepth, (2) storm area and (3) a given duration of time. Using this technique, average raindepths were obtained for I -, 2-, and 3-day periods during rainstorms for areas up to 50 000 km2. However, it should be noted that all these rainstorms had an area1 extent of more than 100000 km2.
The DAD data for I -, 2-and 3-day periods are given in Table 3 . The data show that out of 8 severe rainstorms which affected this region, 4 rainstorms occurred in the month of August, 3 in June and 1 in July. The highest rainfall recorded over a l-day period occurred in June 1908 (i.e. 38 cm) and for 2-and 3-day periods the nlaximun~ values were recorded during the July 1930 rainstorm, with point rainfall values of 71 and 77 cm respectively. It was also observed that the August 1986 rainstorm contributed the highest raindepths for areas >25 000 km2 over l -and 3-day periods and for areas >l000 km2 over 2-day periods. The rainstorms producing envelope raindepths over I-, 2-and 3-day periods were as follows: over l-day periods: 1 2 5 000 km2 J u n 1908 1 5 0 000 km2 Table 3 ) can be utilized to obtain design storm estimates for water resources projects in the Wardha and Wainganga river basins of the Vidarbha subdivision.
4. Relationship between central and areal rainfall. Often, design engineers have to provide preliminary estimates of maximum rainfall at short notice for the design of hydraulic structures. The conventional methods of rainstorm analysis, referred to in Section 3, over and near the basin under study are time-consuming and require detailed analysis of past rainfall data before any final estimates can be given. In view of this, the relationship between central rainfall and its areal extent for the most severe rainstorms over the north Indian plains has been studied by Raman & Chhabra (1966) and Dhar & Bhattacharya (1977) . Using their technique, an attempt was made here to establish a relationship between central rainfall and the average maximum raindepths of different areas obtained during severe rainstorms in Vidarbha.
The DAD raindepths of severe rainstorms given in Table 3 for I-, 2-and 3-day durations were expressed as percentages of the point rainfall values for each standard area. The mean percentage raindepths thus obtained for all the severe rainstorms were used for further analysis.
4.1. Log-linear relationship: It was observed that the percentage ratios obtained for all the severe rainstorms of Vidarbha differed among the different durations (1, 2 and 3 days). An attempt was therefore made to verify whether the linear equation given below was valid for these percentage ratios:
where Y is the percentage ratio of the average maximum rainfall over an area A to the central rainfall of the storm and k and n are constants. k and n were eval- The goodness-of-fit of Eq.
(1) for all 3 durations using the Chi-square test showed that the equation was statistically significant at the 99.5% level. Using this relationship, scatter diagrams (Fig. 5) were prepared to show the nature of the relationship between observed and estimated percentage values for 1-to 3-day durat i o n~. Fig. 5 shows that there is a oneto-one correspondence between the observed and estimated percentage values for areas 1 2 5 000 km2, while for larger areas (i.e. lower percentage ratios) the correspondence is not as close. Therefore, for larger areas, this equation does not give correct estimates of the average maximum raindepths.
Exponential relationship:
In order to obtain a general equation which was valid for both large and small areas, another type of equation was used by Horton (1924) . According to him, the relationship between percentage values of rainfall and rainstorm areas could be expressed in the following exponential form: The symbols in Eq. (2) have the same meaning as in for I -, 2-and 3-day durations of rainstorms in Eq. (1). k and n were evaluated by the least squares Vidarbha It can be seen in Fig. 6 that practically all the method and are as follows:
points lie on a straight line, forming a 45" angle, and even points for larger areas (i.e. lower percentage valDuration k n uesl have a better one-to-one corres~ondence as coml day 0.000635 0.673306 2 days 0.000533 0.688303 3 days 0.000254 0.742529
The goodness-of-fit of Eq. (2) for all 3 durations using the Chi-square test showed that these equations were statistically significant at the 99.9% level. Scatter diagrams were prepared (see Fig. 6 ) to compare the values estimated using Eq. (2) with observed values pared to those in Fig. 5 .
Thus we conclude that the relationship between the areal-to-point percentage values and area of rainstorms for 1-to 3-day durations is exponential, as far as storms in Vidarbha are concerned, and that Eq. (2) gives better estimates of area1 rainfall than Eq. (1).
5. Summary and conclusion. The following broad conclusions can be drawn from this study:
(1) The mean annual rainfall of the Vidarbha sub- and maximum average raindepths of these rainstorms from point to 50000 km2 were recorded in this study Dhar ON, Bhattacharya BK (1977) Relationship between for 1-to 3-day durations.
central rainfall and its area1 extent for severemost rainThis analysis showed that the rainstorms yielding the greatest raindepth for l-day duration were in June 1908 and August 1986; for 2-day duration, in July 1930 and August 1986; and for 3-day duration, in July 1930 , August 1912 and August 1986 . The raindepths obtained from these rainstorms can be utilized for PMP study, preparation of PMP generalized charts and/or the preparation of design storm estimates for the Vidarbha region.
(3) The average maximum raindepths obtained over different areas from the severe rainstorms of Maharashtra, expressed as a percentage of central rainfall for different durations, can be estimated fairly accurately using an exponential equation of the form Y = 1 0 0 e -~~* .
This study has shown that this equation gives better estimates of areal raindepths, for small as well as large areas, over 1-to 3-day durations of rainstorms in Vidarbha.
